Abstract -The 374 bp amplicon of 20 Kashmir bee virus (KBV) isolates from 14 bee and 6 mite samples from California was sequenced. The sequence data and those of homologous KBV amplicons of one bee each from Australia, Canada, Maine, and Maryland were analyzed. Pairwise comparisons of nucleotide sequences show the mean distance between Californian isolates varying from 0% to 3.2%. The mean distance between Californian isolates and the two U.S. or the Canadian isolates are equal or less than 3.2%. The Australian isolate is different from all North American isolates with mean distances of 11.5 to 12.3%. This 374 bp sequence contains a single open reading frame, the 124 amino acid sequence matched closely with the sequences of many virus polyproteins.
INTRODUCTION
At least 16 viruses are known to infect honey bees [2] . Immunodiffusion has been routinely used for bee virus identification. This technique, however, appears to be effective only when the virus has multiplied sufficiently to kill the individual larvae, pupae and adult bees [2] . Stoltz et al. [13] used reverse transcription-polymerase chain
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found in adult bees of the Western honey bee, Apis mellifera, in Canada, Spain, India, Australia and New Zealand [1] , Fiji [3] and the U.S. [5, 7] . Partial nucleotide sequence data have been used to characterize KBV genome [9, 10] . Nucleotide sequence variations from KBV isolated from honey bees and the parasitic mite, Varroa jacobsoni, are presented here to further characterize this bee virus.
MATERIALS AND METHODS

Sources of samples
Fifty five adult bees and 82 mites from a mite-infested colony and 32 adult bees from a mite-free colony were used for KBV detection by RT-PCR. Bees from the mitefree colony were inoculated with mites from the mite-infested colony. Both bee colonies were located in apiaries at University of California, Davis about four miles apart.
Individual bees were homogenized in 0.45 ml of 0.01M potassium phosphate buffer (pH 6.7) with a tissue grinder, but only 2 µl/mite of the same buffer was used to homogenize two pooled mite samples (23 and 30 mites each). We later used 15 µl of buffer to homogenize individual mites. All homogenates were centrifuged at ca. 4 000 . g for 15 min and stored at -20 °C without removing the supernatant.
RT-PCR analyses and DNA sequencing
The detection of KBV was carried out with an aliquot of 2 µl supernatant of the homogenate from each sample, using the direct reverse transcription-polymerase chain reaction method (direct RT-PCR) as described by Hung and Shimanuki [9] . The primer pair 5'-GATGAACGTCGACC-TATTGA-3' and 5'-TGTGGGTTGGC-TATGAGTCA-3' of Stoltz et al. [13] was used in PCR, each at a final concentration of 0.4 µM.
The band containing the RT-PCR reaction product was excised from a 1.5% agarose gel after electrophoresis, purified and sequenced on an ABI DNA sequencer (models 373a and 377, PE Applied Biosystems, Foster City, CA, USA). Both DNA strands were sequenced three times in each direction and the sequences of each strand were compared to each other to confirm the accuracy of the sequence data. Sequence data were edited using DNASIS™ for Windows ® Version 2.5 (Hitachi Software, South San Francisco, CA, USA). Sequences were entered in a NEXUS file and analyzed with parsimony using PAUP 3.0 (Phylogenetic Analysis Using Parsimony, by D. Swofford, Illinois Natural History Survey, Champaign, Illinois). DNASIS™ as also used for protein translation in preparation for a BLASTP search of sequence similarity.
RESULTS
The PCR primers generated an amplicon of about 400 bp in 40 of the 55 adult bees from the mite-infested colony, 16 of the 29 mites, 10 of the 31 inoculated adult bees, and the two pooled mite samples. This amplicon is about the same size as the KBV amplicon reported by Stoltz et al. [13] and Hung and Shimanuki [8] using isolated KBV and extracted RNA. This KBV amplicon from 11 adult bees (CAbees 1-11) of the mite-infested colony, three inoculated bees , the two pooled mite samples (CAmites 1-2) and four individual mites (CAmites 3-6) were sequenced.
Based on the actual nucleotide count (including the two primer sites), the size of this amplicon was 414 bp. The nucleotide sequences of a homologous KBV amplicon in three isolates from Australia, Canada and Maryland were reported by Hung and Shimanuki [8, 10] . Sequence data of another homologous amplicon of a KBV isolate from Maine are also available from GenBank (Hung, unpublished data) . These four sets of sequence data were included for Pairwise distances between isolates are shown in Table I . Mean distances between the Californian isolates vary from 0% (e.g. CAbee6 and CAbee12) to 3.2% (e.g. CAbee1 and CAbee). Mean distances between the Canadian isolate and the Californian isolates vary from 2.1% (e.g. CANbee and CAbee12) to 2.9% (e.g. CANbee and CAbee7). The mean distances between Maine or Maryland isolate and the California isolates, however, vary from 2.7% (e.g. MDbee and CAbee12) to 3.2% (e.g. MDbee and CAbee1). The Australian isolate is distinctly different from all North American isolates, with mean differences between 11.5% (e.g. AUSbee and CAbee12) to 12.3% (e.g. AUSbee and CANbee).
This 374 bp sequence contains a single open reading frame (ORF1) of 124 amino acids with codon starting at base 2 (deduced amino acid sequence not shown). Amino comparison. Thus a total of 24 sets of sequence data were used in the analysis using PAUP. To minimize sequencing errors caused by missing or mismatched bases at both ends, the analysis was carried out without the 40 bases describing the sense and antisense primer sites.
The results of analyses using this 374 bp fragment are shown in Figure 1 and Table I . As shown in Figure 1 , there are three branches with eight Californian isolates (i.e. CAbees 7-10 and CAmites 3-6) forming a homogeneous group with no variation. The three isolates from Maryland, Maine, Canada and the remaining Californian isolates formed a heterogenous group. As shown in Figure 1 , isolates from bees and mites of the mite-infested colony (CAbees 1-11 and CAmites 1-6) and isolates from bees of the mite-free colony (CAbees 12-14) do not each form a cluster. 43  8  0  2  2  0  12  12  12  12  0  14 CAbee3  43  8  0  2  2  0  12  12  12  12  0  15 CAbee4  43  8  0  2  2  0  12  12  12  12  0  16 CAbee5  43  8  0  2  2  0  12  12  12  12  0  17 CAmite1 44  9  1  1  1  1  11  11  11  11  1  18 CAmite2 44  9  1  1  1  1  11  11  11  11  1  19 CAmite3 45  11  12  12  12  12  0  0  0  0  12  20 CAmite4 45  11  12  12  12  12  0  0  0  0  12  21 CAmite5 45  11  12  12  12  12  0  0  0  0  12  22 CAmite6 45  11  12  12  12  12  0  0  0  0  12  23 MDbee  45  8  10  12  12  10  11  11  11  11  10  24 MEbee  45  8  10  12  12  10  11  11  11  11  10   12  13  14  15  16  17  18  19  20  21  22  23 isolates. According to Bruce et al. [5] there are three "serological" strains of KBV in each of the seven states they surveyed. [9] . La première paire d'amorces de Stoltz et al. [13] 5'-GAT-GAACGTCGACCTATTGA-3' et 5'-TG-TGGGTTGGCTATGAGTCA-3' a été utilisée dans la PCR. La bande contenant le produit de RT-PCR de 374 pb a été excisé d'un gel de agarose à 1,5 % après acid sequence analysis (data not shown) shows a similar branching pattern to that inferred from the nucleotide sequence analysis. The majority of Californian isolates, however, have identical amino acid sequences, since the few miss-matched bases did not result in amino acid coding differences. A BLASTP search showed that this ORF1 matched closely with the sequences of many virus polyproteins, e.g. (CAbee1): replicase polyprotein of Drosophila C virus (P = 4.8e-026); polyprotein B of red clover mottle virus (P = 2.0e-019); nonstructural polyprotein of Rhopalosiphum padi virus (P = 2.7e-019); polyprotein B of cowpea aphid-borne mosaic virus (P = 2.6e-017).
DISCUSSION
The avian myeloblastosis virus (AMV) used in the reverse transcription is known to have an error rate of 5.9 × 10 -5 /base [12] . For this 374 bp amplicon an error rate of 0.022 would be expected. The mean distance of 3.2% between some Californian isolates could not be the result of transcription error by AMV. Furthermore, there are eight isolates ( Fig. 1 lower branch) with identical sequences suggesting the high fidelity of the reverse transcription.
Most RNA virus infections consist of heterogeneous virus populations often referred to as quasi-species [6] . A 475 nt region of the lentivirus pol gene in eight isolates from naturally infected sheep from southern France was found to have nucleotide variation of 2.3-8.1% [11] . The KBV sequences of 23 North American isolates reported here do not seem to be as heterogeneous as in the lentivirus group.
Allen and Ball [1] [9] beschriebenen Protokolls der direkten reversen Transkriptions-Polymerasen Kettenreaktion durchgeführt (direkte RT-PCR). In der PCR wurde das Primerpaar 5' -GATGAACGTCGACCTATTGA -3' und 5' -TGTGGGTTGGCTAT-GAGTCA -3' von Stoltz et al. [13] 
